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摘要 
统计过程控制（SPC）在制造业质量提升方面做出了许多重要贡献而被广泛认可。
那些拥有先进和科学设备的高竞争力制造企业，成功运用SPC来监控他们的产品。这些过
程可以用适当的概率分布模型来拟合,从而到达关注和感兴趣的质量特性，同时建立相应
的控制图，以确保它的参数稳定性。这些控制图主要基于统计学上两种主要的排列，即古
典排列和贝叶斯排列。在古典排列下可以假设感兴趣的参数是固定的。在现代化时代固定
参数的假设显得不太实际，在竞争环境中需要不断的调整以适应在市场竞争中新的需求。
统计学家们喜欢采用另一种奢华的、更好的、可替代的参数作为随机变量，这种更好的替
代就是贝叶斯统计。而这种非确定性参数在量化先前的分布时是有效率的，贝叶斯排列帮
助SPC团队设计贝叶斯控制图来有效监测那些参数不确定性过程。 
在构造控制图可以使用两种不同的方法：第一，分布函数可用于确定单一或多种质
量特性的处理位置。第二，一个产生轮廓的方法可以用于监控产品或过程。在后者中，产
品或过程的质量由响应变量和一种或多种解释性变量关系得到很好的体现。监测线性曲线
的控制图表结构通常分两个阶段工作：回顾阶段（第一阶段）和监控阶段（第二阶段）。
第一阶段，分析的主要焦点在于使用历史数据来估计处于控制状态的过程参数，第二阶段
主要集中在如何尽可能快地检测处于持续变化中的过程参数。 
第2章提供了包含解释变量X和没有解释变量X的线性轮廓模型。并阐述了与文献报
道的竞争过程线性轮廓模型的估算方法，那里的研究人员使用不同的技术和控制程序，以
监控线性轮廓。根据提出的贝叶斯方法编码的X值的轮廓模型估计是基于超参数先验分布
的启发式方法构建。最后，提供了超参数信息先验的启发值。 
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第3章提出利用不同的先验监测过程线性轮廓的新贝叶斯方法。例如在许多工业应用
中，方法或产品的质量明显地由线性轮廓示出。大多数情况下，具有线性轮廓通过线性回
归模型来成形或建模。古典与贝叶斯调校是定义一个线性分布设计结构的两种可能的方式
。本研究使用第二阶段的方法构建了三种新型单变量贝叶斯EWMA控制图的y轴交点，斜
率和误差方差，使用非共轭和共轭先验。这些控制图分别用于监视的Y截距，斜率系数和
增加过程的标准偏差。为了能最终确认，施加了一个模拟研究，该研究证实，贝叶斯方法
可以区分可持续轮换着的工艺参数，相比竞争方法优越。此外，贝叶斯控制图表结构，共
轭先验为监测y轴的交点和斜率比非共轭先验一个更好的性能，同时兼具先验的情况下误
差方差执行几乎等同。个人和总体性能的控制图是通过使用（即ARL、SDRL、MDRL）
和（即EQL、RARL、PCI）来评估，而在各自的实例中，被认为是通过一个例子来证明
该方法的优势和给出未来的建议。 
第4章扩展监控线性轮廓的贝叶斯控制结构前期研究，提出累积和控制图的贝叶斯
结构监测线性轮廓。我们提出三种新型单变量贝叶斯累积和控制图在二期的施工。这三个
贝叶斯累积和控制图监测y轴的交点，斜率和误差方差第二阶段的方法，通过使用非共轭
和共轭先验。贝叶斯累积和控制图的性能是通过测量性能不同的个体和整体评估。综合对
比研究确定了在共轭先验所提出的贝叶斯累积和控制图有更好的预期性能够比竞争的方法
来检测较小值的变化。分析表明，虽然实施贝叶斯控制图表结构的过程中需要结构的详细
信息，获取这些信息在先验分布的形式可以带来可观的收益。此外，提出的技术的优越性
是合理与实际的。 
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第5章进一步探索的方法是研究更敏感的较小值的变化，提出了EWMA控制图。其
中，DEWMA是控制图监测线性轮廓延伸。在应用质量控制中的现有理论中，本章研究引
入了一种方法：贝叶斯DEWMA控制图监测的产品和过程的线性轮廓。我们已经开发了三
个单因素古典与贝叶斯DEWMA图表结构截距，斜率和误差方差在第二阶段的程序。我们
评价这些图表通过不同运行长度的措施和性能。我们测量了个体绩效措施的设计结构控制
图的性能（即ARL、SDRL、MDRL）和整体性能的措施（即EQL、RARL、PCI）条款。
对比分析表明，贝叶斯DEWMA控制图在确定的工艺参数的持续变化时相当有效率。此外
，DEWMA控制图是根据古典与贝叶斯设置用于检测小的变化更有效。我们已经研究了贝
叶斯DEWMA结构出现的轮廓监测竞争图表中一个有效的选项。应用程序还提供了支持我
们研究的结果。 
第6章提出了线性分布监测的另一个贝叶斯EWMA技术时，解释变量是不固定的，
过程中涉及的一些参数具有不确定性。配置文件监控的控制图设计结构主要是基于两个主
要和受人钦佩的统计工具（即，经典过程和贝叶斯过程）。先验信息，包括共轭先验正常
和逆Gamma和非共轭先验性，霍尔兹沃思，Pinton（BHP）和莱维.巴斯比鲁。基于不同的
个体和总体措施对设计贝叶斯控制结构的评价。计划中的贝叶斯方案进行了验证与仿真研
究，利用现实世界的数据集，结果表明，贝叶斯方法比竞争的方法有效执行。超参数的指
定值被仔细选择后，启发式和超参数的敏感性分析。人们已经注意到，需要仔细考虑选择
先验和超参数的可能值。对适当的先验的和相应的超参数的选择，提出了有效控制结构，
提供了实实在在的好处。 
关键词: 线性轮廓、后验分布、先验分布、运行长度特性、性能比较指数（PCI)。 
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Abstract 
Statistical Process Control (SPC) procedures are widely acknowledged to have made 
many significant contributions to quality enhancement in the manufacturing industry. Most 
advanced and scientifically equipped competitive manufacturing companies successfully 
implement SPC for monitoring their productions. These procedures can model the quality 
characteristic(s) of interest with an appropriate probability distribution, as well as construct 
corresponding control charts to ensure the stability of parameters. These control charts are 
designed under two chief set-up in statistics i.e., classical and Bayesian. Under classical set-up 
one may assumed that the parameters of interest are fixed. In this age of modern technology, 
technological changes occur on regular basis to enhance the efficiency of product or process. The 
assumption of fix parameters seems impractical in this era of modernization and competitive 
environment where it is needed to change process scenarios with new demands to compete in 
market. Statisticians enjoy the luxury of an alternative set-up in which parameters are considered 
as random variable; of course this luxury is Bayesian statistics. This parametric uncertainty is 
efficiently quantified in the form of prior distributions. Bayesian set-up help the SPC community 
to design Bayesian control charts to efficiently monitor the processes where parametric 
uncertainty is involved.  
Two different approaches can be considered while constructing control charts: first, 
distribution function can be used to determine process position for single or numerous quality 
features. Second, a profile approach can be used to monitor a product or process. In the latter, 
quality of product or process is well represented by relationship among response variable and 
one or more explanatory variables. The control charting structures for monitoring the linear 
profiles normally work in two phases: the retrospective phase (Phase I) and the monitoring phase 
(Phase II). In the Phase I analysis main focus is to estimate the process parameters for in-control 
state using the historical data, whereas, the Phase II mainly focus on detecting the sustainable 
shift in the process parameters as soon as possible.  
Chapter 2 in this study provides the linear profiles models with and without coded values 
of explanatory variable X. The estimation methods of linear profiles model along with competing 
procedures available in literature are also presented, where the researchers used different  
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techniques and control procedures to monitor the linear profiles. The estimation of profiles 
model of coded X-values under proposed Bayesian approach are constructed along with the 
elicitation procedures of hyper-parameters of prior distributions. At the end, the elicitated values 
of hyper-parameters for informative priors are provided. 
Chapter 3 proposes a fresh Bayesian approach by using different priors for monitoring 
the linear profiles of processes. As, in many industrial applications, the quality of a process or 
product is distinctly illustrated by a linear profile. Mostly, a linear profile is shaped or modeled 
through the usage of linear regression model. Classical and Bayesian set-ups are two possible 
ways of defining the design structure of linear profiles. This research constructed three novel 
univariate Bayesian EWMA control charts for the Y-intercepts, the slopes and the errors variance 
under Phase II methods by using non-conjugate and conjugate priors. These control charts are 
used to monitor the Y-intercepts, the slope coefficients and increase in process standard 
deviations, respectively. In order to have the final confirmation, a simulation study was applied, 
this study confirm that the Bayesian methods distinguish sustainable shifts in the process 
parameters superior than the competing methods. Moreover, the Bayesian control charting 
structures with conjugate priors provide better performance for monitoring the Y-intercepts and 
slopes than the one of non-conjugate priors, while both priors perform almost equivalently in 
case of errors variances. The individual and overall performance of control charts are evaluated 
by using (i.e., ARL, SDRL, and MDRL) and (i.e., EQL, RARL, and PCI), respectively. The 
practical example is considered as an illustration to justify the supremacy of proposed approach 
and recommendations are given for future perspective. 
Chapter 4 extended the previous study of Bayesian control structures of monitoring the 
linear profiles and proposes a Bayesian structure of the CUSUM control charts for the 
monitoring of linear profiles. We suggested the construction of three novel univariate Bayesian 
CUSUM control charts in Phase-II methods. These three Bayesian CUSUM control charts 
monitor the Y-intercepts, the slopes and the errors variance under Phase II methods by using non-
conjugate and conjugate priors, respectively. The performance of the Bayesian CUSUM control 
charts is evaluated by different individual and overall performance measures. The comprehensive 
comparative study identifies that the proposed Bayesian CUSUM control charts under conjugate 
priors has better expected performance than the competing methods to detect smaller value shifts 
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and shows that although implementation of the Bayesian control charting structures requires 
detailed information of the process structure, acquiring this information in the form of prior 
distribution can yield considerable benefits. In addition, the superiority of proposed techniques is 
justified with example. 
Chapter 5 go further for exploring the methods to be more sensitive for smaller value 
shifts and proposed the extension of EWMA control charts, the DEWMA control charts for 
monitoring the linear profiles. The study in Chapter 5 introduces an approach to existing theories 
in applied quality control: Bayesian DEWMA control charts for monitoring the linear profiles of 
products or processes. We have developed three univariate classical and Bayesian DEWMA 
charting structures for the Y-intercepts, slopes and errors variances under Phase II procedures. 
We have evaluated the performance of these charts using different run length measures. We have 
measured the performance of designed structures of control charts in terms of individual 
performance measures (i.e., ARL, SDRL, MDRL), and overall performance measures (i.e., EQL, 
RARL, and PCI). The comparative analysis revealed that Bayesian DEWMA control charts are 
quite efficient at identifying the sustainable shifts in the process parameters. Moreover, DEWMA 
control charts are more effective under classical and Bayesian set-ups for detecting small shifts. 
We have examined that Bayesian DEWMA structures appear as an efficient option among the 
competing charts for profile monitoring. A real application is also provided to support our 
findings in this study. 
Chapter 6 proposes another Bayesian EWMA technique for the monitoring of linear 
profiles when the explanatory variables are not fixed and process involves some parametric 
uncertainty. The designed structures of control charts for profiles monitoring are mostly based on 
two major and well admired statistical tools (i.e., Classical and Bayesian). The informative priors 
consist of conjugate priors of normal’s and inverse gamma and non-conjugate priors of 
Bramwell, Holdsworth, Pinton (BHP) and Levy. The evaluations of designed Bayesian control 
structures based on different individual and overall measures. The planned Bayesian scheme is 
validated with simulation study and real-world data. The outcomes have demonstrated that the 
Bayesian methods perform efficiently than competing methods. The specified values of hyper-
parameters are selected carefully after elicitation and sensitivity analysis of hyper-parameters.  
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It has been noted that careful consideration is required while selecting the priors and the possible 
values of hyper-parameters. The selection of appropriate priors and corresponding hyper-
parameters comes up with efficient control structures which provide tangible benefits. 
Keywords: Linear Profiles; Posterior Distributions; Prior Distributions; Hyper-parameters; 
Elicitation; Run Length Properties; Performance Comparison Index (PCI). 
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